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EY

MINIATURIZED DATA RECORDER
" WITH PLAYBACK UNIT

I  INTRODUCTION

This proposal has been prepared at the request of

for submission to the U. S. Government. The program outlined

herein covers the electrical engineering aspects of developmeﬁt of a minia-
turized data recorder and avplayback unit. The development program described

is based on the Specification provided, No. 57-A-1059-i, and on discussions.

between representatives of

II REQUIREMENTS

The detailed requireﬁeﬁts are given in the Specification and will
not be repeated here. The primary fequirement is for a highly miniaturized .
three-dhannel tape recordef for voice and pﬁlse data recording. Two(channeis
arevto be used for data recording while the third is for voice and reference
frequency recording; Provisions for_monitoringbthe signal being recorded arew
required. The recorder.must be capable of recording only; a sepérate'non-
miniaturized playbéck unit is to bé provided for>rewind and data playback.

Primary features of the recorder, in order of priority, are as

- folloﬁs:

1. Size
The complete recorder, including tape, electronic circuits,
drive mechanism, and power source, shall be contained in a volume

5" ox 3" x 1 1/2v,
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. 2. Frequency Response
The overall resgonse of the system shall be constant within
plus or minus 3 db from 250 cps to 10_kc. It is also desired that
pulses of 5 microseéondé or longer duration be recorded and repro-
duced as faithfully asjpossible.
3. Record Time |

The recorder should provide a total recording time of 60

minutes on one reel of tape.

It is apparent that these requirements are not mntually compatlble
and .compromises will undoubtedly ha,ve to be made. Another difficult require-

ment in view of space 11m1tations is that of providing a 1000 cps reference

signal stable to 1 part in 50 OOO.Hover the operating temperature range of

- minus 30°C to plus 50°C. The remaining operational, env1ronmental, and
constructional requirements are achievable from an electrical standpoint and
mll not be discussed in this‘ proposal. Anticipated problems Ifelated to the

requirements given above are !discussed further in Section III.

IIT DISCUSSION OF THE PROBLAM

|
i

, The basic problem is that of recording a maximm amount of infor-

mation in a minimum space. Thus , the nature of the information required

becomes of prime importance;f The Specification states that 5 microsecond

pulses shall be recorded and reproduced "as faithfully as possible". Thus,

it is inferred that detailed‘ information about pulse shape, rise time, width,
|

amplitude, and repetition ra;te would be desirable. To preserve this infor-
mation for a 5 microsecond pulse a record and playback system having an upper
frequency response of 200 kc to 2 Mc would be required. Considering the

200 kc response as minimum, land assuming arealizablewavelength for tape
s | g

STAT
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recording, a tape speed near 100 inches per second would resuTt. " For 60 min-
- utes recordlng on tape using 1-mil Mylar backlng this would require 30,000
feet of tape occupying a volume of 135 cubic inches. Since this is many times
the total allowable églume for the entire recorder, it is obvious thét‘less
detailed information can'be’breSentedo | o |
An absolute minimumiamount of information is £hat of realizing
when pulses have been recorded. If this is refined slightly to recognition .
of a single pulée, two distinct pieces of inférhatioh can be obtained;
1)‘the_presende of the pulse, and 2) the repetition rate. In addition, it
may be determined if the puise source is interrupted (either at the source or
due to scamning). Large variations in.repetition rate would also be recognized.
Detailed information such as pulée shape, width, and rise time would be lost.
Depending on mode and level of recording, some information relative to pulse
amplitude’(including amplitude modulation).would be obtained. Thus, a reéson-
able goal appears to be that of recognizing the presence of a single pulse.
With this in mind, it is now reasonable to con51der a more restricted
record-playback system. When a short-duration pulse is applied to a record

head such that the tape moves only a small fraction of the head gap-width

during the pulse time, a segménﬁ of tape is recorded the length of which is

'essentially equal to the head gap—widﬁh. In order to record the next pulse

the tape must be moved sufficiently to separate the two pulses on the tape

(2 gap widths). Under these conditions, the minimum allowable tape speed

becomes a function only of the.maximum fepetition rate being recorded. Each

pulse causes a segment to be recorded so long as the repetition rate does not
‘ becomé so high thatvinsufficient‘space is left betwéen.the recorded segments.

Essentially, the recording process (in particular, the head gap) performsva

STAT
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'pulse-stretching function since the recorded pulse length is primarily a
function of gap»width rather than priﬁarily_a function of pulse time. On .
playback (same tape speed as record) the recorded pulse will affect the play-
back head much longer than it took to record the pulse. Thus, the information
obtainablé from the reéofd wilirbe'concentrated more in the lower frequency
spectrum. The minimum information of detectihg whether a pulse has been

- recordéd and determining repetition rate is available from the fundamental
component of the recorded patterna |

In.the.way of example, a practical system might be:

. . Maximum repetitionb rate = 8000 cps (125 microsecond period)
| Effective head gap = 0.00025 inches

Tape speed = (8000) (.0005) = );,0 inches/sec
-Thé"required tape volumé for this system is 6.)) cubic inches compared to 135
cubic inches for the system providing the more detailed information. More
important, it represents only.1200 feet of tape-which can be accommodated in
a reel of practical dimensions. Since tape is not adaptable to varied packing
configurations the length of tape is usually.of more concern than volume.

(:} ' It is presumed that the agency requesting this development program
expects the less detailed inforﬁation, since the upper frequency response of
10 kc specified is compatiblé with the minimum information obtainable from a
system such‘as that describéd above.

The discussion and example given above indicates the factors
important in the design of the recorder. The recording process should be
relatively broad band so thét a short duration current pulse is applied to
the head., This will cause the recorded segment to be as short as the head ‘

gap will allow, rather than being spread out due to inadequate frequency

STAT
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respense'of the record amplifier. The amount4of pulse stretching will then
- be only a‘function of the head gap. In addition, this will make the recorded
amplitude more independenf of pulse width and allow interpretation of the
signal to derive pulse amplitude and ampiitude modulation information.
Reduction of the effective head gap to an absoluﬁe minimum is the only way
to increase the pulse density on the tape. There are other important consider-
ations in the design of‘the head, Among these are that the pole tips should
not saturaﬁe oﬁ pulse peaké (this would cause épreading of the recorded pulse).
Also, to obtain sharp reco;ding the head must be designed for a high self- |
| resonant frequency and of an impedance level such that a constant-current
drive is‘practical; l |
It should be noted that with higﬁ pulsevdensity recording such as
proposed here (2000 pulses per inch or higher) pulses will be lost occasion-
allys This‘ﬁropaout“ bhenomenon is particularly important in digital computer
applications. However, it is assumed that in the application of the miniature
recorder an occasidnal missing pulse will not have the serious consequences it
has in computer applications. |
o - In addition te mininﬁ.zing the r‘equj’.red volume of tape by using
maximum possible pulse density, considération'should be given to decreasing
space required by tape take-up. in conventional systems an empty space equal
to tape volume must be aliowed° This could be reduced by utilizing for take-
up the space vacated by the tape as it is recorded. "Another techniqué might
consist of rotating the}reel of tape without unwinding and have the head
essentially thread through the wound reel of tape. Thus, no winding énd
unwinding occurs and no tak¢=up space is required. Special,head‘designs may

be possible which would facilitate meéhanical designs of this type.
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Space taken by the batteries can be conserved by designing the
circuits for minimum power drain. At the higher températures germanimnv
transistors may draw several times the current required for normal operation,

- Silicon transistérs 1shou1d be considered from this standpoint (th_e tempera-
tures required are not excessive for germanium transistors). However, silicon
transistors do not operate satisfactorily at as low voltages as.' germanium, and X

the power reqizifed may actually be higher than that for germanium. This matter

will be resolved in the early stages of the program. |

| ‘ ‘Another design consideration for space consefvation, from the stand-

v poinf. of number of comp,onents required as well as power, is that of type of

recording bias £o be used. For pulse recording, bias i‘.s not essential_ 3 how-

 ever, vbice fecordirig_ réquires either a-c or d-c bias. The 15% allowable

distortion permits the use of d-c bias., Use of d-c biaslwould el:‘.minaﬁe the

bias oscillator circuit, but both voice and pulse. recordings would require

higher heac.i' drive than that zlequired using a-c bias. Agéin, the choice must

be made -on the basis of overall space consefvation. |

The requirement for the stable 1000 cps oscillator is beyond that

» : considered practical using conventional components. However, previous work

by has resulted in a

* miniature low-frequency éontrol element which offers great‘ advantages in an

application such as this. It is anticipated that will supply this

element deé'igned for 1000 cps operation for use in the recorder.

The designv of the ﬁlayback .unit‘ presen’f.s no major difficulties.
It is believed that the inost effigient;, and economical approach is to use a
commercial transportbunit,, modified to prbvide sﬁch récjuirements as variable

speed drive, The playback electroriics will be specifically designed accord-
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. \
ing to the requirements of the Specification.

IV THE RESEARCH PROGRAM

|

A; Scbpe

The work to be carried out by covers

the electrical éngineering aSﬁects of the development programo Specifically,
. ’ I .
. |
this includes analysis of the electrical requirements and determination of
the electrical‘characteristicé, design and construction of the complete play-

back unit, development of the recorder circuits, head design and construction,

- and consulting services to relative to magnetic recording.

(;) - An engineering model of the playback unit will be delivered.

. -
Developmental cirquits and heads for the recorder will be delivered to
! _

These circuits will be suitab}e, by design and choice of components, for

inclusion in the engineering model of the recorder. However, the final

fabrication of the electronids included in this unit will be performed by

Throughout the program close liaison will be maintained between

to insure compatibility

of the mechanical and electr%cal components. Previous joint efforts between
! : .
the two organizations have sl}own that this close coordination is practical
- and yields excellent results+

The'frequency'control element for the 1000 cps recorder oscillator

will be supplied by for incorporation into the circuits designed‘by

personnel.

| |
In view of the stringent requirements set forth and the problems

they present, the Spec1f1cat10n is considered to be a goal rather than an
absolute requirement. It is, believed that the proposed program will result

in a highly miniaturized recorder basically meeting the objectives of the

] -7-
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|

procurement, but no guarantee can be given for meeting each specific require-

' |

ment given in the SpecificatiénQ

B. Administration 'i

The work outlined in this proposai will be performed on a govern=-

ment sub-contract from The sub-contract work
will be performed by personne} ofl Electrical Engineering
Research Department. Close working relationships between and

personnel will be maintained to insure unity of direction.

. Bi-monthly prigresséreports will be submitted in addition to minutes
of each meeting bétween theAt%o orgaﬁizations. A fiﬁél report will be submit-
ted summarizing the developmegt work aﬁd descfibing in detail the equipment
developed. This will include;all necessary schematics, drawings, and com-

ponent specifications.

Pertinent experience of and specific background of

personnel likely to participéte in the proposed program are given in the
i : : .

following section. Time and cost estimates are given in Part II of the
| .

proposal. ' |

V BACKGROUND AND EXPERIENCE:
— | _ _
has been active in magnetic recording work for many
l : .

years, both in basic reéearch and in extending the practical applications.

Staff members are continuously engaged in magnetic recording work under

|
government, and industrial sponsorship. The scope of work varies

from design of special heads;to deveiopment of complete data recording and

- processing systems. Recent work has included design and application of the

magnetostatic pléyback'headsL The output of the head is proportional to flux

father than rate~of-change of flux. Thus,tmagnetic records can be read at

% -8 -
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‘redﬁced-speed playback, including zero, without loés of ,amplitudé or fidelity.
Staff members have had,wi&e experience in £ransistor ciz;cuit design
problems. This experience includesrd-c amplifiers, pulse circuits, low-noise :
amplifiers, control cir.cuitsi, and many special applicati_.ons. One specific
program was a detailed study 6f transistor circuits foi- _magnetic recording.
Circuits were designed and tested for each record and playback function.
Inb,lﬁded in the study were record amplifiers, bias and erase' oscillators, and
playback a.mplifiers « Consideration was given to head impedance requirements,
compensat.i‘on,. and other factors important in obtaining quality reproduction.
' _ | The following pe‘op'le are 1ikély to contri‘bute to the pfoposed

program:
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VI ,SUMMARY.

A program covering the electrical engineering aspects of the
develc;pment of a miniaturized data recorder with associated playback unit .
is outlined in this proposal'.' Mar_xy problems must be overcome in order to

meet the objectives set forth. It is believed that the combined knowledge

and experience of STAT

personnel represents excellent background for effective pursuance of the
.proposed program.

Respectfully submitted,

STAT
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) - It is estimated that the proposed work can be completed within

10 months of initiation of work. The breakdown of estimated cost is as .

v

: foilows’:
Salaries:
Engineers (13 man months at $700/mo avg.)  $ 9,100
Technicians (6 man months at $500/mo avg.) 3,000
Shop labor (180 hours at $3.25/hr avg.) 585
Draftsmen (160 hours at $2.75/hr avgi.) o  hho
 Total Salaries $13,125
Overhead at actual cost, estimated at '\»86% of salaries ' 11,287
‘Purchased materials and components | ’ ""i“,"?OO‘
Travel and Communications 7 . 150
Reproduction of Reports, Drawings, and Schematics - 100
Fixed Fee - | - | - 1,581
| | Total Cost  $27,943
IR - Respectfully submitted, o N
o | - ~ STAT
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